Abstract
RESULTS
Top 100 cited articles in NAFlD were published from 1965 to 2015 with a citation ranging of 227 to 2151 times since publication, in which the United states was the most predominant country and Mayo Clin was the most productive institution. The majority of the top 100 cited articles were concentrated in sCI subject category of Gastroenterology and Hepatology. Hepatology and Gastroenterology is the top journal that published over half 100 top-cited articles. The significant peak of top cited articles present in the first half of the 2000s while the highest mean number of citation presents in first half of the 1980s. In addition, concepts related to pathology characteristics, epidemiology and medicalization, metabolic syndrome and its combination of symptoms including insulin resistance, biomarkers
INTRODUCTION
Nonalcoholic fatty liver disease (NAFLD) is defined by liver fat deposition with a concentration of hepatic triglycerides exceeding 5% of liver weight in the absence of excessive alcohol intake. NAFLD is an umbrella term used to describe a histological spectrum ranging from simple steatosis to nonalcoholic steatohepatitis (NASH). NASH is virtually indistinguishable histologically from alcoholic steatohepatitis, which is designated the disease with inflammation and liver cell injury in some NAFLD patients [1] . It was thought that hepatic fatty change was a kind of benign lesions previously. However, the recent research showed that about 10%-30% of NAFLD could evolve into NASH, accompanying by fibrosis, cirrhosis, liver failure and even hepatocellular carcinoma [2] . NAFLD patients are more likely to be accompanied with obesity, diabetes, cardiovascular and cerebrovascular diseases to increase death and disability rate. Owing to the high morbidity rate of obesity and metabolic syndrome worldwide, NAFLD has become the leading cause of chronic liver disease [1] . It is time to identify and evaluate the high citation articles to get insight into history and current situation of NAFLD research.
Citation rank list has been often used in medicine to characterize works with the remarkable intellectual influence [3] . Many highly cited articles have stimulated further standard-breaking investigations and discussions [4] . However, the bibliometric analysis of the most influential articles in NAFLD field remains unexploited. As the most frequently used source database for a broad review of scientific value in a specific research field, Science Citation Index-Expanded (SCI-Expanded) from Thomson Reuters is a highly effective research tool for evaluating scientific performance and tracking evolution trends. In this study, bibliometric method was applied to analyze the citation times, publication year, countries and institutes, journals, subspecialty, and key words of the 100 most cited articles in NAFLD field in SCI-Expanded from 1965 to 2015.
MATERIALS AND METHODS
The data were obtained from the SCI-Expanded from the Institute for Scientific Information, which indexed 8618 major journals with citation references across 176 categories in science edition in 2015. The keywords for bibliography retrieval in database consisted of "nonalcoholic steatohepatitis", "nonalcoholic fatty liver disease", and their heteromorphic form and abbreviation limited in liver or hepatology fields. Papers were listed according to their citation times from the most to the least. Only the top 100 original articles from the most citation list were included for further analysis. The retrieve process of the top 100 citied articles was shown in Figure 1 . In detail, the retrieved data for statistical process were imported to Excel 2010. According to JCR in 2014 (available in June 2015), the reported impact factor (IF) of each journal was referred. The 100 top cited articles were assessed by decreasing orders of articles and citation. Bibliometric parameters including publication productions of countries and institutes with five indexes including total, independent, collaborative, first author, and corresponding author articles; distribution of journals and subspecialties; top 10 of most cited articles were assessed.
Furthermore, the most frequent key words and concepts were also discussed. Part of concepts such as "NAFLD" and "NASH" were abandoned since they completely overlap with the study content. Highly related concepts including all concepts from the Gene Ontology (GO) and the Medical Subject Headings (MeSH) were categorized by semantic search technology using GoPubMed ® search engine (http://www.gopubmed.org/ web/gopubmed/).
RESULTS

Publication year
After screening, 8828 meaningful articles related to NAFLD were retrieved in the period of 1965 to 2015. It can be seen that the number of total articles increased at an exponential rate, which entered an exponential The publication years of the top 100 cited articles in NAFLD field spanned from 1980 to 2012 with a citation ranging from 227 to 2151 times since publication. The majority of top 100 cited articles (74%) were concentrated in the 2000s (Figure 3 ). The most cited article published by Kleiner DE (National Cancer Institute, United States) in 2005 was cited 2151 times according to the SCI-Expanded database (Table 1) .
Publication distribution of countries and institutes
The top 100 cited articles were originated from 19 countries. The most productive country was the United States (55), followed sequentially by Italy (20) , Australia (14) , France (9), United Kingdom (7). The rest of the countries had less than four publications ( Table 2 ). The numbers in the brackets refer to the publication number (similarly hereinafter).
Twelve institutions published more than 4 top cited articles. Mayo Clin (12) ranked the first place in NAFLD research, followed by University of Bologna (9), University of Turin (9), The University of Sydney (7) and University of California, San Diego (6) . And the rest of the Institutes such as University of Texas, Saint Louis University and Virginia Commonwealth University contributed five each to the top 100 cited articles (Table 3) .
Subspecialties and journals
According to the JCR in 2014, the top 100 articles of NAFLD were scattered in 13 SCI subject categories (Table 4) .
These main subspecialties were Gastroenterology and Hepatology (71), Endocrinology and Metabolism (7), General and Internal Medicine (6), Research and Experimental Medicine (4) and Science and Technology (4) .
The top 100 articles were distributed in 25 journals including professional journals and other disciplines journals. Eleven (44%) journals published 2 or more articles (Table 5) , among which the most productive journal was Hepatology (42), followed by Gastro enterology (16) , Am J Gastroenterol (5), J Hepatol (5), J Clin Invest (4), Proc Natl Acad Sci USA (3) and J Clin Endocrinol Metab (3).
The most frequently cited articles
As elaboration of all the top 100 cited articles is difficult, the top 10 citation articles were further discussed instead. United States (7), Italy (2) and Australia (1) respectively published the top 10 most frequently cited articles (Table 1) . Three in ten focused on epidemiological subjects to investigate the regional and ethnic differences and explore the genetic mechanism implied in NAFLD, which were published respectively in the year of 1990 (864 citations), 2004 (1320 citations) and 2005 (974 citations) ( Table 1 ). Other three articles discussed the pathogenic role of metabolic syndrome where insulin resistance and obesity were repeatedly mentioned. The rest of articles analyzed NAFLD from the clinical and histological aspect, among which two were about the histological grading and staging of NAFLD.
Highly related concepts
Highly related concepts of the top 100 cited papers from GO and MeSH with frequency more than 10 times were listed in Table 6 . The analysis indicated that multisystem metabolic syndrome and its related key words (obesity, insulin resistance, etc.) occupied a majority of proportion. Some key words discussed histological and pathology characteristics of NAFLD including hepatic steatosis, fibrosis, biopsies, etc. Noteworthy, the topic of epidemiology covering prevalence, male/men, female/ women, middle aged and adolescent was also involved in frequent concepts (Table 7) .
DISCUSSION
This paper used bibliometrics method to evaluate top 100 cited articles to reveal the global publication performance of NAFLD. The high citation articles can reflect the development evolution direction and scientific level in the NADLD research field to a certain extent.
Publication trends and distribution of NAFLD-related literature
In recent five decades, exponential increase of published articles reflects the globally development trend of NAFLD. In line with the increased prevalence of obesity, diabetes, and hyperlipemia, NAFLD has been increasing worldwide over recent half century [5] . As a result of modern sedentary and over-nutrition lifestyle which makes a very large population fall risk of NAFLD, research on NAFLD would develop more rapidly in the near future [6] . East Asian countries/territories such as Japan, China (mainland), South Korea and Taiwan occupied an important place in NAFLD research and their importance tended to be more and more obvious. This might owe to the rising prevalence of NAFLD in Asia recently as well as the growth of economic power and the advance of scientific research which prompted these countries/ territories to invest more in research to prevent and control NAFLD [6] . A global scientific review covered total articles relevant to NAFLD from 1986 to 2013 were performed to analyze distribution of publication number and found that Japan, China (mainland) and South Korea ranked second, fourth and ninth respectively among the most productive country/territories [7] . However, only six of top 100 cited papers originate these countries/ territories. It shows that the quality and influence of research in NAFLD need to improve for East Asian countries.
It was found that most of the 100 most cited papers were published in 2000s (74 articles), while the most of high citation times per articles distributed in 1990s. These distributions suggested that the older paper had the more citation times [8] . The opinions in 1990s and 2000s were neither too old to be outdated nor too nearly to be cited. Actually, academic community has recognized that the real importance and influence of a work often can't be precisely assessed for at least 2 decades after it is published [9] .
The research hotspots of NAFLD
Highly related concepts and top keywords could partly reflect the profile of hotspots in NAFLD research. GoPubMed ® search engine connect text (abstracts from the MEDLINE database) to background knowledge in the form of semantic networks of concept categories, which is done by meaning and not by keywords only. These results are approximately consistent with our contemporaneous bibliometric analysis in high frequency keywords that covered total articles relevant to NAFLD [7] . Potential pathogenesis: According to highly related concepts list, a cluster of pathogenesis related keywords occupied a majority of high frequency words mentioned by NAFLD researches. The research hotspots extracted using bibliometrics analysis informs the underlying pathogenesis of NAFLD. The results indicated that multisystem metabolic syndrome and its combination of symptoms including insulin resistance, obesity as well as oxidative stress and dyslipoproteinemia played a vital role in the pathogenesis of NAFLD. In fact, although pathogenesis of NAFLD remains elusive, the severity of NAFLD seems to increase in parallel with the features of metabolic syndrome [10] [11] [12] . NAFLD/NASH is increasingly regarded as a hepatic manifestation of metabolic syndrome. However, considering that not all patients with NAFLD/NASH suffer from one of these conditions [1] , still uncertain pathogenesis of NAFLD might hinder the people and needs to be explored [13] . Epidemic studies: Concepts related to epidemiology such as humans, male/men, female/women, middle aged and adolescent make up another high frequency concepts cluster, which might be closely involved in the accelerating incidence of this disease. The morbidity rate of NAFLD has doubled during last 20 years, whereas the morbidity rate of other chronic liver diseases has remained stable or even decreased. Epidemic investigations of NAFLD primarily focus on human genetic and metabolic studies [14] . Several epidemiological investigations such as case series, familial and twin studies have widely revealed the function of heritability [15] . Noteworthy, in comparison to high-risk population of NAFLD clustering around middle-aged and elderly adults before, younger age trend has gradually shown especially in Asian countries during the last two decades. Following the epidemics of childhood obesity, NAFLD as the most common form of chronic liver disease in adolescents has become a reality [16] .
Medicalization progress: Medicalization is also a high frequency concepts cluster. Lack of uniformed diagnosis regulation and no established therapy remains a hindrance to be broken through in this field. NASH is characterized by hepatocellular damage, lobular necroinflammation and fibrogenesis. The early diagnosis of advanced fibrosis in NAFLD is therefore crucial [17, 18] . The liver biopsy remains the most reliable diagnostic method to appropriately evaluate the severity of liver fibrosis. Facing to limitations of this invasive technique in current use, a number of experimental biomarkers have been developed in order to predict the degree of liver fibrosis [19] . Moreover, as a promising method for evaluation of patients with NAFLD, nuclear medicine through liver scintigraphy has recently been proposed [20] .
Preventing existing comorbidities such as metabolic disorders, cardiovascular or cerebrovascular events are the primary target for NAFLD treatment, while the secondary goal of NAFLD therapy is reversal of hepatic steatosis [21] [22] [23] . Lifestyle modification such as weight loss and balanced diet remains the main way of management in NAFLD/NASH. In addition, the benefit of nutritional supplementation on disease progression has attracted growing interest [24] . Most recent data has evidenced the effects of nutrients and dietary bioactive compounds intake (i.e., long-chain PUFA, Vitamin E, Vitamin D, minerals and polyphenols) on the modulation of molecular mechanisms leading to fat accumulation, oxidative stress, inflammation and liver fibrosis in NAFLD patients [25] . In the field of pharmaceutical therapies, a wide range of drugs have been applied in clinical trials, including antioxidants, lipid lowering agents, and renninangiotensin system blockers [26] [27] [28] . Up to the present, lifestyle modification is the main clinical recommendation as an initial step. Although promising results have shown that long-term insulin sensitizers such as metformin, rosiglitazone, and thiazolidinediones are effective in NAFLD therapy, there are no approved drugs [29] [30] [31] .
In conclusion, it is important to acknowledge the top 100 cited articles because they marked with the leading countries, institutions, journals, hotspots, past and current trends in NAFLD field that could provide the foundation for further investigations. Highly related concepts of the top 100 cited papers in NAFLD suggest that pathogenesis mainly related to metabolic syndrome, epidemiology, and medicalization including diagnosis and treatment are attracting ever-growing attention.
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COMMENTS
Background
Due to the increasing prevalence of obesity and metabolic syndrome worldwide, Table 4 Most frequent subspecialties with the top 100 cited articles in nonalcoholic fatty liver disease 
Research frontiers
A systematic review in 2015 covered total articles relevant to NAFLD from Science Citation Index-Expanded (SCI-Expanded) showed article amount has appeared to geometric growth in recent decades. However, bibliometric result from total articles is not sufficient to indicate the evolution and direction in NAFLD research. The citation times by other authors has been used as a measurable comparison to evaluate the academic impact of an article in its subject field. To date, there have no top cited articles analysis were carried out in NAFLD field.
Innovations and breakthroughs
This paper summarized the current findings from the analysis of the top 100 cited articles in NAFLD field. It is the first global look at the history and current situation of NAFLD research to assess the performances of leading countries/ territories and institutes and research hotspots of this disease. In terms of the number of published 100 top-cited articles in NAFLD, United States was the most predominant country and Mayo Clin was the most productive institution. Highly related concepts of the top 100 cited papers in NAFLD suggest that pathogenesis (mainly related to metabolic syndrome), epidemiology, and medicalization (including diagnosis and treatment) are attracting ever-growing attention.
Applications
Top 100 cited articles marked with the leading countries, institutions, journals, hotspots, past and current trends in NAFLD field that could provide the foundation for further investigations. Medical bibliometric analysis on top 100 cited articles is expected to provide a reference for the researchers to get involved in NAFLD area.
Terminology
The articles involved in bibliometric analysis were collected based on online version of SCI-Expanded from Thomson Reuters. Keywords for bibliography retrieval in database consisted of "nonalcoholic steatohepatitis" and "nonalcoholic fatty liver disease".
Peer-review
This study retrieved the top 100 cited articles in the field of NAFLD and determined the country of origin, peak of highly-cited articles and international collaborations. The present study is very interesting on a high prevalent chronic liver disease.
